Purpose: Oculomotor nerve palsy (ONP) is often the presenting symptom in patients with posterior communicating artery (PCOMM) aneurysms with variable recovery of oculomotor nerve function following treatment. In this study we report the ophthalmologic outcome of 20 patients treated by endovascular coiling for PCOMM aneurysm-induced ONP. Methods: We performed 230 PCOMM aneurysm endovascular coilings between the years 2006 and 2011, of which 20 cases presented with ONP. We recorded the degree of nerve recovery -complete, partial or none -while also documenting other predictive factors, such as degree of pre-intervention nerve deficit, presence of subarachnoid haemorrhage (SAH), size and location of the PCOMM aneurysm and length of follow-up. Results: Of the 20 patients, 9 (45%) presented with complete ONP and 11 (55%) with partial ONP. After an average follow-up period of 16 months, all patients achieved oculomotor nerve recovery; 9 (45%) patients had complete recovery and 11 (55%) patients had partial recovery. Of the 9 patients who presented with complete ONP, 5 (56%) patients made a complete recovery and 4 (44%) made a partial recovery. Of the 11 patients who initially presented with partial ONP, 4 (36%) made a complete recovery and 7 (64%) made a partial recovery. 7 (35%) patients also had a SAH, of whom 3 (43%) made a complete recovery with 4 (57%) making a partial recovery. Conclusions: ONP can occur with PCOMM aneurysm with or without SAH. Endovascular coiling is an effective treatment for ONP due to PCOMM aneurysms.
Introduction
Oculomotor nerve palsy (ONP), both partial and complete, is a well-known presentation of posterior communicating artery (PCOMM) aneurysms, 1 occurring in up to 30% of cases. 2 The mechanism of action for this phenomenon is not fully understood; however, several theories have been suggested, including direct damage by the flow of blood released during aneurysm rupture, mass effect from the aneurysm, or the pulsating blood flow in the aneurysm. 3 Historically, surgical clipping has been favoured over endovascular coiling due to the assumption that endovascular coiling may not relieve mass effect on the nerve and thus prevent oculomotor nerve recovery. 3, 4 However, more recently, improvement in ONP has been reported following endovascular treatment, with a reported rate of complete nerve recovery of 54-70% with endovascular treatment. 5, 6 In our study we report the ophthalmologic outcome of the 20 patients treated by endovascular coiling for PCOMM aneurysm-induced ONP and the factors that affect this outcome.
Methods and materials Study population
In our institution 20 PCOMM aneurysms presenting with ONP had endovascular treatment between the years of 2006 and 2011, making our study a consecutive series. The study comprised 12 (60%) females and 8 (40%) males ranging in age from 30 to 81 years (mean ¼ 56.7, median ¼ 57) (Table 1) . See Table 1 for full demographics of the 20 patients.
Data collection
Retrospective medical record analysis, including looking at the electronic medical database, operative reports, outpatient notes and imaging of all patients was performed. In total, 20 patients presented with oculomotor nerve dysfunction. We then extracted data on the 20 patients.
Data recorded included patient sex, age, laterality of the ONP, date of presentation to hospital, length of stay in the hospital, presence of a subarachnoid haemorrhage (SAH), size of the aneurysm, degree of ONP at presentation, degree of ONP recovery at most recent follow-up record and length of follow-up. Aneurysm packing density is not routinely measured in our institution and thus no data in relation to same were recorded.
Procedure
All procedures were carried out by three consultant interventional neuroradiologists with a mean experience of 17 years, ranging from 4 to 30 years. There were three different coils used in the procedures: bare platinum coil, a combination of bare platinum and an expansible hydrogel (Hydrocoil) and a bioactive coil (Cerecyte). Bare platinum coils only were used in five of these patients. These coils were often used in combination with balloon remodelling when necessary.
Outcome measures
The criteria for a complete ONP, as described elsewhere, 7 were: symptoms and signs of diplopia; ptosis; and papillary dysfunction either in the form of ipsilateral pupil dilation, lack of response to light, or both. An incomplete ONP was considered when there was only one or two of the above features.
The oculomotor nerve function was accurately assessed and documented by the admitting doctor and again assessed post coiling. The nerve function was assessed in follow-up by either a consultant neurosurgeon or a consultant ophthalmologist. Complete recovery was documented if the patient no longer reported diplopia on either forward, medial, downward and upward gaze of the eye, no evidence of ptosis on physical examination with recovery of pupillary function. A partial recovery was considered when all three of the above criteria were not fully met.
These 20 patients were followed up for an average period of 16 months by both the neurosurgical and ophthalmologic services in our institution. For patients who had a complete recovery of the ONP, we recorded the length of time until this was first documented.
Primary outcome was the rate of recovery in those presenting with complete versus incomplete ONP. Secondary outcome was the association of SAH and the rate of ONP recovery. Fisher's exact test was used to compare categorical variables.
Results

The ONP associated with PCOMM aneurysms
Of the 20 patients, 9 (45%) presented with complete ONP and 11 (55%) presented with partial ONP. In total there were 9 (45%) complete recoveries and 11 (55%) partial recoveries; every patient made at least a partial recovery of the oculomotor nerve function. In the group of 9 who initially presented with a complete ONP, 5 patients (56%) made a complete recovery and 4 (44%) made a partial recovery. Of the 11 who initially presented with partial ONP, 4 patients (36%) made a complete recovery and 7 (64%) made a partial recovery.
Of the 20 patients, 8 (40%) presented with a left ONP and 12 (60%) presented with a right ONP. No statistically significant difference was seen in outcome between patients who presented with a complete ONP compared with a partial ONP (p-value ¼ 0.65).
The average clinical follow-up period was 16 months, ranging from 1-48 months. In patients with a complete recovery of the ONP it took an average of 14 months post treatment before this was initially documented (but ranged from 3-27 months of follow-up). Angiographic follow-up continued for an average of 12.5 months, but ranged from 8-27 months with a median of 8 months. Inpatient stay ranged from 3-24 days (mean ¼ 7.9 days, median ¼ 6 days).
Aneurysm size ranged from 2-12 mm in size, with only two (10%) aneurysms bigger than 10 mm. The mean and median was 6.9 mm and 7.0 mm, respectively ( Table 2) .
The association with subarachnoid haemorrhage There were 7 (35%) patients who presented with ruptured aneurysm, i.e. SAH, in the group of 20. Of this cohort of patients, 3 presented with complete ONP and 4 with partial ONP. In the 3 patients who presented with a complete ONP and a SAH, 2 (66%) made a full recovery; however, in the 4 patients that presented with partial ONP and a SAH only 1 (25%) made a total recovery. There was no significant difference between the rate of recovery in patients presenting with SAH versus no SAH, (p-value ¼ 0.64)
Discussion
There has been much debate regarding the best treatment modality for ONP-inducing PCOMM aneurysms. While both surgical clipping 8 and endovascular coiling 9 have been shown to be an effective means of treatment, it is still unclear what the overall rate of recovery of the ONP is. The outcome of surgical intervention has been well illustrated in multiple studies, with one study reporting complete recovery of the oculomotor nerve in up to 90% 10 of patients who had surgical intervention, proposing that early intervention, within 3 days, is the main factor in complete recovery. A recent systematic review 3 in which 132 patients underwent surgical clipping found that a rate of 55% of complete recovery can be achieved.
That same systematic review found a rate of ONP recovery of 32% in the coiled group of 54 patients.
Recently the evidence has shown endovascular repair to be a very effective and very safe means of repair of ONP secondary to PCOMM aneurysms. 7, 9, 11, 12 In our study we assessed 20 patients who underwent endovascular repair in our institution; 100% of the patients showed an improvement in oculomotor nerve function. Furthermore, 45% made a complete recovery and 55% made a partial recovery. However, there was no statistical significance in the rate of recovery based on the degree of ONP at the start or the presence of SAH. These findings are consistent with another study of 20 patients presenting with ONP secondary to PCOMM aneurysm. Kassis et al. 9 reported that 35% of the participants made a complete recovery and 60% made a partial recovery. In October 2012 a larger study, Chalouhi et al., 7 with 37 patients, showed a complete recovery in 37.8% and partial recovery in 51.4%, while only 10.8% remained unchanged. This study is the largest study on ONP recovery after endovascular coiling and provides the most recent evidence on the subject.
Both Chalouhi et al. 7 and Gu¨resir et al. 8 demonstrate that the resolution of ONP is inversely related to the initial degree of ONP at presentation. Our study shows that of those who initially presented with a complete ONP 56% made a complete recovery; however, of those who initially presented with a partial ONP only 36% made a complete recovery.
There is a discrepancy between the rates of recovery of initial partial ONP in our cohort compared with published results. This relates in part to the low power of the study but also the length of clinical follow-up as a significant factor for clinical outcome. Of the 9 patients who recorded complete recovery of ONP, it took an average of 14 months before this was initially documented. These findings are consistent with other studies that show that although symptomatic improvement can begin in the first few months, it can take several months before complete recovery of the nerve is achieved. 13 Chen et al. 4 report that regardless of treatment, whether surgical or endovascular, time to complete resolution was 6 months. Also 6 of the 11 patients with a partial recovery had a shorter length of follow-up than the average 14 months, and therefore still have the potential to achieve a complete recovery at 14 months.
There is conflicting evidence regarding the clinical outcomes in patients that present with an ONP and a SAH. Santillan et al. 12 report that three patients presented with SAH, all of whom had complete resolution of their ONP. Kassis et al. 9 also report presentation with SAH to be a positive influence on nerve recovery. In our study, 7 of the 20 patients initially presented with SAH; three out of the seven (42.8%) patients made a complete recovery, while the 4 other patients made a partial recovery. The SAH patients had a poorer outcome than the non-SAH patients (46.1%) in terms of complete nerve recovery, but there was no statistically significant difference in the rate of recovery based on the presence or absence of SAH.
Our study had one significant limitation: due to the infrequency of this condition the study has a low number of cases.
Conclusion
From our data we found that presenting with an incomplete ONP is not an indicator for complete nerve recovery. Nor did we find that the rate of recovery was significantly determined by the presence of SAH. Our study demonstrates that 100% of participants had nerve recovery and that 45% had complete resolution of ONP.
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